actuators that are lightweight, high performance and compact are needed to
The graft elastomer films were prepared by solution casting.
Five grams of graft elastomer powder was added to N,N-dimethylformamide ( as received from Aldrich ) and was heated to 60 "C while stirring for 2 hours to make a 5 wt% solution.
The solution was cooled to room temperature and cast on glass substrates and placed in a vacuum chamber. After drying overnight under vacuum, at room temperature, 20 micrometer thick films of the graft elastomer films were obtained. Gold electrodes were sputtered on opposing sides of the films using a plasma deposition device (Hummer III, Technics). Dynamic mechanical and piezoelectric properties of the graft elastomer films were measured as a function of temperature and frequency using a Rheovibron DDV-II-C mechanical analyzer that has been modified to collect electric charge data as a function of applied stress. Dielectric data of the films was measured as a function of temperature and frequency using an HP4192A Impedance Analyzer. The electric field induced strain was tested as a function of the applied electric field.
The deflection of a bilayer bending actuator was measured and the strain was calculated using the relationship
where S_, is the longitudinal strain of the active elastomer layer, S.r is the strain of the active layer in the transversal direction, 1/R is the bending curvature of the actuator, d is the distance between the central layers of active and non-active films, and the L and 1 are the deflection of the tip of the actuator in in-surface and off-surface directions. [ Figure 2 shows the relationship between the electric field induced strain, S, and the applied electric field at room temperature. The strain exhibits a quadratic dependence with the applied electric field. The electric field induced strain was observed to be as large as 3.9%
RESULTS

AND DISCUSSION
at an applied electric field of 120MV/m. The temperature and frequency dependence of the dielectric constant of the graft elastomer is shown in Figure 5 . is still significant due to the low mechanical modulus of polyurethane. [3] For the newly developed electrostrictive graft elastomers, more than 95% of the strain response is contributed by electrostriction mechanism while the contribution from the Maxwell stress is less than 5%. Table 2 gives a comparison of some key properties of electrostrictive polyurethane and graft elastomers as electroactive polymeric materials.
As can be seen, Figure 8 shows the bimorph actuator, which can bend in both direction when controlled by the power supply. The responsefrequency of the bimorph (two direction bendingactuator)is the sameasthe frequencyof thepower supply,./(bending) =./(driving).
Figure8. The bimorphactuatorin the stateof unexcited(middle),onedirection excited(left), andoppositedirectionexcited.
In the low temperature test,it wasobservedthatthe actuatorsstill functionat-50°C.
CONCLUSIONS
A new class of electromechanically active polymer was developed using electrostrictivegraft elastomers.Theseelastomersoffer a uniquecombination of desirable promising properties including: light weight, large electric field induced strain, high performance,and excellentprocessability. Optimization of electromechanical propertiesof the graft elastomerscan be realized by molecular design, composition adjustment,and processingto meetrequirements of variousapplications.
